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Abstract

Background—Despite widespread use of methamphetamine and other amphetamine-type
stimulants (METH/AMPH), little is known about the long-term medical consequences of METH/
AMPH abuse and dependence. Preclinical neurotoxicity findings raise public health concerns that
these stimulants may damage dopamine neurons, resulting in dopamine-related disorders such as
Parkinson’s disease (PD).

Methods—A retrospective design was used to examine statewide medical records (1996 through
2011) linked to the Utah Population Database. Individuals 30y or older on December 31, 2011
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were assigned to a METH/AMPH cohort (ICD-9-CM 304.4, 305.7, 969.7, E854.2; N=4,935), a
cocaine cohort (ICD-9-CM 304.2, 305.6, 968.5, E855.2; N=1,867) or a population cohort
unexposed to drugs or alcohol for control selection. A competing-risks, proportional hazards
model was used to determine whether the METH/AMPH or cocaine cohorts were at increased risk
of developing PD (ICD-9-CM 332.0) or PD/parkinsonism/essential tremor (PD/PT; ICD-9-CM
332.0, 332.1, 333.0, 333.1) compared to individually sex- and age-matched controls (5:1 control to
case ratio; N=34,010).

Results—In METH/AMPH users, we observed an increased risk of PD and PD/PT (HRPD=2.8,
95%Cl 1.6-4.8, P<1073; HRPD/PT=3.1, 95%CI 1.9-4.9, P<10~4) compared to population-based
controls. Conversely, cocaine users exhibited no elevated risk of PD compared to controls.

Conclusions—We observed a near 3-fold increased risk of PD in METH/AMPH users vs.
controls which confirms prior observations and supports that PD risk in users may be higher than
previous estimates. A suggestion that female and male users may differ in PD susceptibility
warrants further study.

Keywords

methamphetamine; amphetamine; Parkinson’s disease; parkinsonism; cocaine; drug abuse;
dopamine

1. INTRODUCTION

According to the 2006 National Survey on Drug Use and Health Utah ranks 17t among US
states in reported use of methamphetamine (METH) within the previous year among those
12 years and older (0.94%; Substance Abuse and Mental Health Services Administration
(SAMHSA), 2006) and nearly 4% of Utah high-school students reported using METH at
least once in a recent survey (Centers for Disease Control and Prevention, 2011).
Regionally, Utah is located within the western United States (US) where recent METH use
rates are over twice as high as in the Midwest or the South, and 12 times as high as the
Northeast; age at first use typically occurs in the late teens to early 20’s (SAMHSA, 2013).
The budgets of community hospitals and treatment facilities are adversely affected as visits
related to METH use account for 9% of emergency department patient visits nationally
(SAMHSA, 2011). The individual and public health consequences of these reports are
significant, considering potential adverse health outcomes of individuals who initially
engage in METH use at a young age.

Despite widespread abuse of METH and amphetamine or other amphetamine-type
stimulants (AMPH), little is known about the long-term consequences of METH/AMPH
abuse and dependence. Methamphetamine and its metabolite amphetamine cause release of
the neurotransmitter dopamine in the dopamine-rich striatal subdivisions of the mammalian
brain (Kish, 2008). Both the plasmalemmal dopamine transporter and the vesicular
monoamine transporter-2 seem to play critical roles in this neurotoxicity (Hanson et al.,
2004). Pre-clinical data demonstrate that METH can damage dopamine nerve terminals in
the striatum, but with largely an apparent sparing of cell bodies (Fleckenstein et al., 2007).
In humans, imaging and postmortem studies indicate that METH abuse causes persistent
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dopaminergic deficits (Wilson et al., 1996; Volkow et al., 2001; Kitamura, 2009). These
neurotoxicity findings raise public health concerns that METH/AMPH may damage
dopamine neurons in humans, resulting in dopamine-related disorders such as PD (Caligiuri
and Buitenhuys, 2005). This concern was raised in a small clinical study in which prolonged
amphetamine exposure was more frequent in PD patients ages 40-64 than in spouse controls
(Garwood et al., 2006), and later in a study of California inpatient hospital and death records
(1990-2005) in which researchers reported patients had a 1.8-fold risk of developing PD in
comparison to appendicitis controls (Callaghan et al., 2011). To evaluate the potential link
between METH/AMPH dependence and PD expression in a statewide population, we
conducted a retrospective cohort study of individuals in the Utah Population Database
(UPDB) with linked electronic medical records from 1996-2011. Over 85% of those with
medical records in Utah link to a person in the UPDB through a birth, death, driver license,
or voter registration data to provide personal medical histories on over 3 million individuals.

In 2012, 19% of patients admitted for drug dependence in Utah claimed METH as their
principal drug of choice, and women were almost twice as likely as men in Utah to have a
meth-related hospital admission (27% versus 15%) second only to alcohol (Utah Department
of Human Services, 2012). Widely recognized sex differences occur in all of phases of drug
abuse; initiation, escalation, addiction, and relapse (Greenfield et al., 2010). Women begin
regular use of illicit drugs at lower doses than do men; however, use escalates more rapidly
into addiction and women are at greater risk for relapse after abstinence (Greenfield et al.,
2010). In preclinical studies, female rats exhibit higher self-administration of METH and
increased METH-seeking relapse relative to males (Roth and Carroll, 2004; Reichel et al.,
2012). The effects of stimulants may be strongly influenced by endogenous hormones as
estrogen increases and progesterone decreases the interaction of stimulants with reward-
related systems in women (Anker and Carroll, 2011). Lifetime rates of mood and anxiety
disorders which often co-occur with METH or AMPH abuse are significantly higher among
women than men (Greenfield et al., 2010). Lower phosphocreatine levels, associated with
depressive symptoms, were more pronounced in female METH users (Sung et al., 2013).
Because of such gender differences, we investigated sex-specific risks of PD in the Utah
population.

It is projected that the number of people with PD in the US will double over the next 25
years; thus, the potential contribution of METH/AMPH abuse to PD incidence is a
significant national health issue (Dorsey et al., 2007). The objectives of our study are to
assess the findings of the California report (Callaghan et al., 2011), to identify population
features relevant to the association between METH/AMPH use and PD, and to enhance
generalizability of results by utilizing a statewide resource. Our study is novel in many
respects. Using the UPDB, we accessed a statewide pool of individuals with long-term
follow up and no history of illicit drug or alcohol abuse to provide an unexposed population
from which we randomly selected controls for matching to exposed individuals with an
indication of METH/AMPH or cocaine use. Our exposed drug cohorts are based not only on
hospitalizations, but also on comprehensive outpatient records.
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2. METHODS

2.1 Sources of data

2.1.1 Utah Population Database—The UPDB is a dynamic and rich resource located at
the University of Utah that consists of computerized records for nearly eight million
individuals spanning more than a century. The UPDB includes extensive genealogies,
statewide vital records, driver license and voter registration records, and statewide inpatient
records and links to clinic discharge records beginning in 1996. The discharge data hold up
to eight fields per admission of International Classification of Diseases (ICD) codes mapped
to version 9 (ICD-9-CM) reported to the Utah Department of Health from every healthcare
system in Utah. These records are comprehensive, and are updated at least annually (Utah
Population Database, 2014). Birth certificates data in UPDB (used to establish follow up in
Utah) became comprehensively available statewide after 1939.

2.1.2 University of Utah and Intermountain Healthcare—In addition to statewide
inpatient records, the UPDB contains a master index to link individuals who are patients in
the University of Utah Healthcare (UUHC) statewide system of 4 hospitals and 30
community clinics to individuals in the UPDB. Likewise, the database contains an index that
links records from the Intermountain Healthcare (IH) system of 22 hospitals and 185
physician clinics to UPDB persons. Using these record linkages, electronic medical records
beginning in 1996 that include 1ICD-9-CM diagnoses (up to eight fields) and pharmacy
orders were available for study. As the two largest healthcare providers in Utah, UUHC and
IH account for more than 80% of all patient encounters in the state and they provide a
valuable source of diagnoses in outpatient settings. We accessed UPDB and UUHC/IH
records from 1996-2011 to obtain diagnoses of interest under an approved study protocol.
These records comprise the “patient data’ referred to below. Approvals were received from
the University of Utah’s Institutional Review Board, the Resource for Genetic
Epidemiologic Research (governing body that reviews use of UPDB data), and
Intermountain Healthcare’s privacy board to conduct this study.

2.2 Outcomes of interest and cohort definitions

2.2.1 Parkinson'’s disease (PD) and PD/parkinsonism/essential tremor
outcomes—The primary outcomes of interest were time from base line (January 1, 1996)
to a subsequent index diagnosis of PD (defined as ICD-9 CM 332.0), or to a diagnosis of
PD/parkinsonism/essential tremor (PD/PT) defined as: ICD-9 CM 332.0 (paralysis agitans);
332.1 (secondary parkinsonism); 333.0 (other degenerative diseases of the basal ganglia);
and 333.1 (essential and other specified forms of tremor) in the patient data in any
diagnostic position during January 1, 1996 to December 31, 2011. Patients with an
indication of human immunodeficiency virus (HIV) based on ICD-9-CM 042 (HIV) or V08
(asymptomatic HIV infection status) were excluded, as HIV can result in parkinsonism-like
symptoms (Tse et.al., 2004).

2.2.2 Exposed METH/AMPH cohort—Individuals (born in 1940 or later) who were 30
years or older on December 31, 2011 or date of last follow up (whichever occurred first),
were assigned to a METH/AMPH cohort if the following criteria were met: (1) an ICD-9-
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CM code in any diagnostic position of 304.4 (amphetamine and other psychostimulant
dependence), 305.7 (amphetamine or related acting sympathomimetic abuse), 969.7
(psychostimulant poisoning) or E854.2 (accidental psychostimulant poisoning) in the patient
data; (2) no indication of PD/PT prior to the earliest METH/AMPH indication; (3) no
indication of HIV as defined in 2.2.1; and (4) no indication of non-METH/AMPH illicit
drug-use (ICD-9-CM codes 304.2, cocaine dependence; 305.6, cocaine abuse; 968.5,
cocaine poisoning; E855.2, unintentional cocaine poisoning; 304.0, opioid dependence;
304.7, combination of opioid dependence with any other drug; 305.5, opioid abuse; 965.0,
poisoning by opioids and related narcotics; E850.0-E850.2, accidental poisoning by heroin,
methadone, or other opiates; 304.3, cannabis dependence; 305.2, cannabis abuse; 969.6,
poisoning by cannabis or hallucinogens; 304.1, 304.5, 304.6, 304.8, 304.9, 305.3, 305.4,
305.9, other drug abuse or dependence conditions), or alcohol-use diagnoses (ICD-9-CM
codes 303.0, acute alcoholic intoxication; 303.9, other and unspecified alcohol dependence;
305.0, alcohol abuse; 980.0, alcohol poisoning; E860.0, accidental poisoning by alcoholic
beverages and other ethyl alcohol; E860.1, other and unspecified ethyl alcohol and its
products) in the patient data. We identified 16,931 individuals in Utah age 30 or older at
follow up with a METH/AMPH-use history and no indication of HIV. Of these, 11,985
individuals had an indication of other illicit drug or alcohol use (defined above) and 11
individuals had a prior PD/PT diagnosis and were therefore removed, resulting in a METH/
AMPH cohort of 4,935 persons.

2.2.3 Exposed cocaine cohort—As a contrast to an exposed METH/AMPH cohort, we
determined a ‘drug lifestyle’ cohort of individuals, born after 1939, with cocaine-use
diagnoses who were age 30 years or older on December 31, 2011 or at date of last follow up
(whichever occurred first). These individuals were assigned to a cocaine cohort if the
following criteria were met: (1) an ICD-9-CM code in any diagnostic position of 304.2
(cocaine dependence), 305.6 (nondependent cocaine abuse), 968.5 (cocaine poisoning) or
E855.2 (accidental cocaine poisoning) in the patient data; (2) no indication of PD/PT prior to
the earliest indication of cocaine use; (3) no indication of HIV as defined in 2.2.1; and (4) no
indication of METH/AMPH or other illicit drugs or alcohol use, defined above. We
identified 7,952 individuals in Utah age 30 or older with one or more diagnoses of cocaine
and no indication of HIV. Of these, 6,084 individuals with an indication of any other illicit
drug or alcohol use and one individual with a prior PD/PT diagnosis were removed,

resulting in a cocaine cohort of 1,867 persons.

2.2.4 Unexposed population cohort and control selection—As the exposed
cohorts were retrospectively determined from statewide data, the unexposed cohort was
designed to represent the Utah population, born 1940 or later, who were 30 years or older at
year-end 2011 or date of last follow up, if earlier. Individuals were excluded from the
population cohort who had a diagnosis of PD/PT prior to baseline, any indication of illicit
drug- or alcohol-use diagnoses, or an HIV diagnosis in the patient data. From an unexposed
population of 1.43 million individuals, controls were randomly selected and individually
matched 5:1 to exposed case individuals on sex and birth year. In addition, controls had to
have a follow-up period in Utah for at least as long as their respective case.

Drug Alcohol Depend. Author manuscript; available in PMC 2016 January 01.
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2.3 Statistical analyses

2.3.1 Proportional hazards model—A proportional hazards model was used to
calculate the hazard ratio (HR), the ratio of hazard rates to measure how often an event
occurs in one group compared to another group, over time. In our study, the HR was used to
estimate the risk of a subsequent index diagnosis of PD or PD/PT in a competing-risks
framework (Fine and Gray, 1999). As individuals with a history of illicit METH/AMPH or
cocaine use are at increased risk of mortality compared to nonusers (Degenhardt and Hall,
2012), the competing risk of all-cause mortality was incorporated. We defined a subsequent
index diagnosis to include outcomes with an index date coincident to the date of first
exposure. This assumption is reasonable given age at first use for METH/AMPH averages
18 years (The National Survey on Drug Use and Health, 2006), while the average age at
onset of PD is approximately 60 years (NIH National Institute of Neurological Disorders
and Stroke). However, to minimize potential bias from PD/PT preceding an index indication
of METH/AMPH, we removed individuals with zero event times in a secondary analysis. In
case-only comparisons of drug-exposed cohorts, models were adjusted for birth year and
sex, where appropriate.

2.3.2 Selection of matched controls—Exposed individuals in METH/AMPH or
cocaine use cohorts were compared to randomly selected, unexposed population controls,
individually matched 5:1 to exposed case subjects on sex and birth year. In addition,
matched controls had to have a follow-up period in the UPDB at least as long as their
respective exposed individual. To account for individual case-control matching, separate
hazard functions were incorporated for each group (an exposed case and five associated
controls).

2.3.3 Potential confounders—Cigarette smoking has been consistently associated with
decreased PD risk (Wirdefeldt et al., 2011), while smoking rates and nicotine dependence
among illicit drug users is high in comparison to non-drug users (Grant et al., 2004;
Weinberger and Sofuoglu, 2009). A subset of models were adjusted for presence or absence
of tobacco use in the patient data (ICD-9-CM codes 305.1, tobacco use disorders; 989.84,
toxic effect of tobacco; and V15.82, history tobacco use history). In addition to gender, PD
prevalence differs between racial and ethnic groups (Willis et al., 2013). Most individuals
living in Utah are whites of non-Hispanic ethnicity (80%), with the largest minority
population comprised of Hispanic or Latino individuals of any race (13%; Utah Governor’s
Office of Planning and Budget, 2012). To avoid analysis where categorized subjects are
potentially sparse, we did not adjust for race or ethnicity in our reported models. All
analyses were performed using SAS® statistical software, version 9.4 (SAS/STAT 13.1).

2.4 Follow-up procedures

In population-based cohort studies, an accurate assessment of follow-up times in both
exposed case and unexposed control cohorts merits careful consideration. Valid case-control
comparisons using retrospective data depend on appropriate matching of exposure periods
and longitudinal tracking of individuals. The UPDB records the date that each person in the
database was last known to be residing in Utah based on recorded events and in their
children, of an event indicating their mother or adoptive mother was known to be living in
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Utah, if this date is more recent (Curtin et al., 2013). However, assessing length of follow up
for potential population-based controls can be problematic, if the first date an individual
appears in Utah is unknown, particularly for those born outside of Utah. We developed an
algorithm for determining a “first residence in Utah’ date to reduce potential bias from
selecting controls new to Utah that may have been exposed elsewhere. By creating a
statewide pool of individuals with adequate follow up based on time between an index event
in Utah and the most recent event recorded in the UPDB, we help ensure appropriate
matching of exposure periods between cases and controls in our study (Supplementary
Materiall).

3. RESULTS

3.1 Participant characteristics

Characteristics of exposed individuals in the METH/AMPH and cocaine cohorts in
comparison to their respective matched population controls are shown in Table 1a. In the
METH/AMPH cohort, 86% of individuals had =1 occurrence of ICD-9-CM code 305.7
(72%), 304.4 (23%), 969.7 (5%), or E854.2 (<0.5%) while 14% had diagnoses across
multiple codes. A majority of users were diagnosed within the UUHC and IH healthcare
systems (83%); the remainder were diagnosed from hospital discharge records of other
providers. In the cocaine cohort, 90% of individuals had =1 occurrence of ICD-9-CM code
305.6 (76%), 304.2 (23%), 968.5 (1%), or E855.2 (<0.5%) and 77% were diagnosed within
the UUHC and IH systems. Based on UPDB records, most subjects were white and non-
Hispanic. Nearly half of METH/AMPH-exposed individuals in our study were women, with
a younger median age at index exposure than their male counterparts. Male cocaine users
outnumbered female users by nearly 2 to 1 (Table 1b). This is consistent with the profile of
female users in Utah and elsewhere, who often report using METH/AMPH (the illicit drug
of choice in women of childbearing age) to provide an energy boost or to lose weight; the
so-called “Jenny Crank” program (Brecht et al., 2004).

The numbers of subjects with PD or PD/PT outcomes in the exposed cases and controls
(overall and sex-stratified) are shown in Table 2. Of 30 individuals with an incident PD/PT
diagnosis in the METH/AMPH exposed cohort, half had an ICD-9-CM 332.0 diagnosis of
PD. Of 1,867 exposed individuals, only 4 subjects with a “pure” diagnosis of cocaine (ho
indication of other illicit drugs or alcohol) experienced a subsequent diagnosis of PD/PT,
while 22 matched controls had a subsequent PD/PT diagnosis (15 with ICD-9-CM 332.0 in
the medical record). Based on a limited subset of medications data, 3 METH/AMPH users
and 5 matched controls with incident PD/PT had a pharmacy order of carbidopa-levodopa.

3.2 Risk of Parkinson’s disease and Parkinson’s disease/parkinsonism/essential tremor

A summary of models upon which the findings presented in Figures 1a through 3b are based
is shown in Table 2. Hazard ratios and 95% confidence intervals for PD or PD/PT in METH/
AMPH exposed cases compared to individually matched controls are shown in Figures l1a

and 1b, respectively. We observed an approximate 3-fold significant increased risk based on

11Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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the HR in METH/AMPH users (men and women combined) compared to unexposed
controls (HRpp=2.8, 95%CI=1.6-4.8; P<1073 HRppp1=3.1, 95%CI=2.1-4.5; P<1074).
Although power was limited to examine risk in men and women separately where PD was
defined as ICD-9-CM 332.0 (Figure 1a), the sex-stratified HRs were similar in magnitude to
those observed for a more broadly-defined outcome of PD/PT (Figure 1b). Based on point-
estimates of the HR, an increased risk of PD/PT in female exposed METH/AMPH cases
compared to female controls (HRpp/p1=5.0, 95%CI1=2.9-8.6; P<10~%) appeared to be larger
than an increased risk observed in male METH/AMPH cases compared to male controls
(HRpp/pT=1.9, 95%CI1=1.1-3.5; P=0.03), although confidence intervals overlap. A case-
only comparison of female vs. male METH/AMPH users was statistically non-significant
(Figure 1b).

In contrast, the cocaine cohort exhibited no increased risk of PD/PT compared to unexposed
controls, although the number of outcomes was extremely limited in the exposed subjects
and estimates imprecise. In a case-only comparison of the cocaine and METH/AMPH
cohorts (Figure 2), users of METH/AMPH appeared to be at an increased risk of PD/PT
compared to cocaine users (HR=3.9, 95%CI=1.4-10.8; P=0.01). As tobacco exposure is a
potential confounder, we further adjusted the caseonly model for presence or absence of a
tobacco diagnosis. Adjustment for tobacco did not substantively impact the estimated risk of
PD/PT in METH/AMPH vs cocaine cohorts (HRiopacco=1.9, 95:%CI 0.9.4.0; P=0.01; data
not shown).

We defined a subsequent outcome of PD or PD/PT to include subjects in which the index
date of exposure and index diagnosis date of PD or PD/PT were coincident. To check the
robustness of this assumption, we calculated estimates from models in which exposed
subjects with a concurrent diagnosis of METH/AMPH and PD or PD/PT were excluded. We
observed an increased risk of PD and PD/PT overall in men and women exposed to METH/
AMPH in compared to controls (HRpp=2.2, 95%Cl=1.2.-4.0; P<101; HRpp/p1=2.3,
95%CI=1.5-3.5 P<1073): likewise, increased risk of PD and PD/PT was observed in the
female subsample (Figures 3a and 3b, supplemental material available online). Compared to
male METH/AMPH case subjects, an increased risk was observed for non-concurrent
PD/PT only, just meeting statistical significance (see Figures 3a and 3b, available onIineZ).

4. DISCUSSION
4.1 Study strengths

While confirming an earlier report of increased PD risk in a study of a northern California
population, our analysis helps to further elucidate the nature of the association between
METH/AMPH use and expression of PD. To our knowledge, it is the first retrospective
cohort study of METH/AMPH and PD or PD/PT outcomes in the US conducted over an
entire statewide population (Utah). Rather than relying on hospital-based controls, we were
able to randomly select unexposed controls from the same population from which the
exposed cohorts were identified. We are confident control subjects were living in Utah over
the same exposure period as our case cohort members, and are less likely to have undetected

2Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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drug use disorders diagnosed outside of Utah. Our study had access to both statewide
inpatient discharge records (including admissions from an emergency department) and
comprehensive outpatient clinic records from the largest healthcare providers of patient
services in Utah. Thus we increase our chances of detecting exposures or PD at the clinic,
prior to hospitalization for acute conditions. This population-based study would not be
possible without the rich data resources in the UPDB. Although Utah ranks 34t in the
nation in population, we were able to identify nearly 5,000 individuals with “pure” METH/
AMPH use (no evidence of other illicit drugs or alcohol), and over 1,800 individuals with
“pure” cocaine use in which diagnoses of PD/PT were almost nonexistent.

4.2 Study limitations

Our study is not immune to limitations. It is possible that METH/AMPH users have a
history of multidrug or alcohol use without a corresponding diagnosis in the patient data. We
believe that an analysis of a cocaine use cohort is appropriate; of almost 25,000 METH/
AMPH or cocaine users (including “pure” and multidrug-use profiles) only 20% had an
indication of both METH/AMPH and cocaine. Although we followed individuals over a 16-
year period, subsequent diagnoses of PD were uncommon, and particularly rare in the
cocaine cohort in which only a few outcomes were available to the analysis. Thus we were
limited in our ability to provide precise estimates for the cocaine cohort and for sex-
stratified analyses of METH/AMPH users, and results should be interpreted with caution.

Administrative claims data are limited in their ability to identify PD and treatment-seeking
differences between illicit drug abusers and unexposed controls are a potential source of
bias. There is no definitive ‘gold standard” diagnostic test for PD in live patients, and studies
evaluating the accuracy of ICD-9-CM codes are mixed (Swarztrauber et al., 2005; Noyes et
al., 2007; White et al., 2007; Szumski and Cheng, 2009). White, et al. concluded a single
occurrence of ICD-9-CM 332.0 for PD or 332.1 for parkinsonism to be insufficient, with a
positive predictive values (PPV) of 57% and 39%, respectively. Szumski, et al.
demonstrated that algorithms incorporating pharmacy data or clinic specialty can better
identify PD compared to a single diagnostic code, 332.0. In a primarily male patient
population, Swarztrauber, et al. reported administrative data did not adequately distinguish
between PD and parkinsonism and that 333.0 (disorders of the basal ganglia) was highly
predictive of parkinsonism (Swarztrauber et al., 2005). In a study of Medicare records,
Noyes et al. concluded a claims-based determination of PD can be reliable. In addition to
332.0, they report using more PD-related diagnostic codes (332.1, 333.0, and 333.1)
increased sensitivity while maintaining high specificity (99%), but PPV was reduced (60—
67%) compared to 332.0 alone (71-79%). In a study of essential tremor in billing records of
a neurological facility, Louis et al. reported the most common false-positive diagnosis of
essential tremor was, in fact, PD (Louis et al., 2007). In order to maximize incident
outcomes in our analysis we used an inclusive, multiple-code approach (hence, PD/PT) of
Noyes, et al. to increase sensitivity although we acknowledge misclassification of subjects
may have occurred. Although less precise, when patients with a PD diagnosis were defined
as having 332.0, our findings corroborate those of the California report and are consistent
with models of PD/PT as the outcome.
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To increase the number of outcomes available for study, we assumed index drug abuse
likely precedes the first or index diagnosis of PD/PT in the electronic medical record and
allowed identification of cohort membership coincident with any PD/PT outcome in the
medical record. However, ignoring the possibility of an index diagnosis of disease preceding
drug exposure is a limitation of this approach, and we estimated competing-risks models in
which METH/AMPH cases with zero event times were excluded. The results in Figures 3a
and 3b are consistent with our primary findings of an increased risk of PD or PD/PT in
METH/AMPH exposed subjects.

We did not control for exposure to antipsychotic medications that with extended use may
induce side effects that mimic PD, as access to detailed psychiatric diagnoses and related
medications information were beyond the scope of our investigation and previously not-well
studied (Srisurapanont et al., 2001). Bramness et al. (2012) suggest that psychotic
complications subside quickly when amphetamine use is discontinued and thus unlikely to
be mistaken for PD.

4.3 Contributions and future efforts

This research represents an important contribution in several respects. First, as statewide
medical records are systematically added to the UPDB annually, we will be able to follow
our exposed cohorts and unexposed population forward in time. We will focus our efforts on
exploring multidrug use in relation to METH/AMPH and PD/PT or other adverse medical
outcomes, particularly in relation to concurrent opioid or alcohol use as potential effect
modifiers. As the UPDB is linked to extensive genealogy data and many study individuals
have been identified within multi-generation families, we plan to examine a genetic basis for
susceptibility to addiction and to develop measures of exposure intensity based on familial
risk. We plan to improve measurement of the outcome of PD by developing algorithms
using medical and other records available to the UPDB to accurately identify patients that
are validated with chart review. Rates of cigarette smoking among METH/AMPH users in
the US are estimated at 87-92% (Weinberger and Sofuoglu, 2009). In the Utah cohort, the
proportion of ICD-9 tobacco diagnoses in METH/AMPH users (59%) likely understates
nicotine exposure. We obtained self-reported smoking data from patient questionnaires
administered at the time of service in a subset of 381 METH/AMPH individuals. Arguably
more accurate than ICD-9 indicated tobacco (that may or may not be noted in the medical
record), female METH/AMPH users reported they were current/ former smokers less often
than male users (78% vs. 85%, respectively). Comprehensively assessing history of tobacco
use at a statewide level will be critical to future investigations of the association of nicotine
in both METH/AMPH addiction and development of PD.

We did not observe a statistically significant difference in risk of PD or PD/PT in female
METH/AMPH users compared to male users. Point estimates suggest women who abuse
METH/AMPH may be at an increased risk of PD or PD/PT than men who abuse stimulants
compared to sex-matched controls. While intriguing, this observation should be interpreted
cautiously as preclinical and clinical evidence of a sex difference between METH/AMPH
exposure and dopaminergic deficits or dopamine disorders is sparse, and additional well-
powered studies are necessary to provide support for a gender interaction. We plan to
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continue to follow our retrospective cohort forward in time and explore sex-specific
differences in relation to comorbidities such as mood disorders, including any associated
antipsychotic medications use. The Utah population is comprised primarily of whites, with a
fast-growing community of Hispanic or Latinos. Our results may be representative of other
areas of the US with a similar predominant Caucasian population, including northern
California.

4.4 Conclusions

Our findings of an approximate 3-fold increased risk of PD or PD/PT in METH/AMPH
exposed individuals, compared to both an unexposed control cohort and a cocaine use
cohort, confirm those of the California study. Our study suggests the risk in those with a
history of METH/AMPH dependence may be somewhat higher than previous estimates and
although power was limited to detect an interaction, suggestive differences in risk estimates
between women and men merit further study. Our investigation is the first, to our
knowledge, to access an unexposed population cohort of statewide individuals with long-
term follow up and no history of illicit drug use for comparison to exposed individuals with
an indication of METH/AMPH or cocaine from outpatient clinic records as well as inpatient
hospitalizations. Our findings provide additional evidence to support preclinical
observations in animal models of METH use and development of Parkinson-like
neurotoxicity may be mirrored in humans, which has profound implications for prevention
and treatment of METH/AMPH disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

a. Methamphetamine/amphetamine use (METH/AMPH) and risk of Parkinson’s disease
(PD). Hazard ratios (HR), P-values, and 95% confidence intervals (95%CI-L, 95%CI-U) for
cases vs. population controls matched 5:1 on sex and birth year. Case-only female vs. male
comparison (adjusted for birth year) is shown.

b. Methamphetamine/amphetamine and amphetamine-type stimulants (METH/AMPH) or
cocaine use and risk of Parkinson’s disease/ parkinsonism/essential tremor (PD/PT). Hazard
ratios (HR), P-values, and 95% confidence intervals (95%CI-L, 95%CI-U) for cases vs.
population controls matched 5:1 on sex and birth year. Case-only female vs. male
comparison (adjusted for birth year) is shown.

Drug Alcohol Depend. Author manuscript; available in PMC 2016 January 01.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Curtin et al.

Page 16

Cocaine vs controls

Case-only comparisons:

Cocaine vs METH/AMPH

METH/AMPH vs cocaine

)
@ VYN
& o F
& M H P
f—e— 09 085 03 2.4
f——e— 03 001 0.1 0.7
F———e— 39 001 1.4 10.8
Decreased risk of PD/PT| Increased risk of PD/PT
T T IIIIII! T T IIIIII'| T T IIIIIII T T IIKIIII
0.01 0.1 1 10 100

Figure 2.

Cocaine use and risk of Parkinson’s disease/parkinsonism/essential tremor (PD/PT). Hazard
ratios (HR), P-values, and 95% confidence intervals (95%CI-L, 95%CI-U) compared to
population controls matched 5:1 on sex and birth year. Case-only cocaine and METH/

AMPH cohort comparisons (adjusted for sex, birth year) are also shown.
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